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THE THIRD SOVIET COSMIC ROCKET 

A r t i c l e  p u b l i s h e d  i n  t h e  S o v i e t  newspapers PRAVDA 
and IZVESTIA of October  27, 1959 

T r a n s l a t e d  by Joseph  L. Zygielbaum 

On October  4 ,  1959 t h e  S o v i e t  Union s u c c e s s f u l l y  l aunched  i t s  

t h i r d  cosmic r o c k e t .  

of a number of problems i n  t h e  i n v e s t i g a t i o n  of cosmic space .  

most i m p o r t a n t  of  t h e s e  problems was t o  o b t a i n  photographs  of  t h e  

Lunar s u r f a c e .  

photographs  from t h a t  p a r t  of t h e  Lunar  s u r f a c e  b h i c h ,  due t o  t h e  

s p e c i f i c  movement of t h e  Moon, i s  i n a c c e s s i b l e  f o r  o b s e r v a t i o n  from 

E a r t h  and a l s o  p a r t s  of t h e  Lunar s u r f a c e  which a r e  v i s i b l e  f rom 

E a r t h , b u t  unde r  such  s m a l l  a n g l e s  t h a t  t h e y  canno t  b e  s u f f i c i e n t l y  

s t u d i e d .  

The purpose of  t h i s  l a u n c h i n g  was t h e  s o l u t i o n  

The 

Of s p e c i a l  s c i e n t i f i c  i n t e r e s t  was t h e  o b t a i n i n g  of 

For  a d e t a i l e d  s t u d y  of cosmic space  and f o r  t h e  purpose of 

photographing  t h e  Moon, a n  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  h a s  been  

d e s i g n e d  which was i n j e c t e d  i n t o  a Moon rounding  o r b i t  by means of 

a m u l t i s t a g e  r o c k e t .  

t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  passed  t h e  Moon a t  a d i s t a n c e  

of  s e v e r a l  t housand  km and a s  a r e s u l t  of t h e  Lunar g r a v i t a t i o n ,  

t h e  f l i g h t  d i r e r t l i n r .  cf t h e  r o c k e t  W d S  changed. 

f l i g h t  t r a j e c t o r y  t o  be obta ined ,  which made i t  p o s s i b l e  t o  photograph 

t h e  h idden  s i d e  o f  t h e  Moon, and a l s o  a l lowed f o r  t h e  t r a n s m i s s i o n  

t o  E a r t h  of  g a t h e r e d  s c i e n t i f i c  i n f o r m a t i o n .  

I n  s t r i c t  co r re spondence  w i t h  c a l c u l a t i o n s ,  

l h i s  p e r m i t t e d  a 

The accomplishment  of t h e  l aunch ing  of t h e  t h i r d  cosmic r o c k e t  

and  t h e  i n j e c t i o n  of t h e  au tomat i c  i n t e r p l a n e t a r y  s t a t i o n  i n t o  t h e  
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c a l c u l a t e d  o r b i t  r e q u i r e d  t h e  s o l u t i o n  of a number of new,very 

c o m p l i c a t e d  s c i e n t i f i c  and t e c h n i c a l  problems.  A m u l t i s t a g e  r o c k e t ,  

which  was u t i l i z e d  f o r  t h e  i n j e c t i o n  of t h i s  s t a t i o n  i n t o  t h e  o r b i t ,  

w a s  d i s t i n g u i s h e d  by a h i g h l y  comple te  c o n s t r u c t i o n  and  had powerfu l  

mo to r s ,  which o p e r a t e d  on h igh  c a l o r i e  f u e l .  The gu idance  sys t em of 

t h e  r o c k e t  on t h e  a c c e l e r a t i o n  s e c t o r  h a s  a s s u r e d  t h e  ach ievemen t  of 

h i g h  a c c u r a c y  of t h e  d e s i r e d  f l i g h t  c h a r a c t e r i s t i c s  of t h e  r o c k e t .  

S c i e n t i f i c  i n v e s t i g a t i o n s ,  .which were conduc ted  w i t h  t h e  h e l p  of 

t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n ,  made p o s s i b l e  t h e  g a t h e r i n g  of 

many m a t e r i a l s  which a r e  be ing  p r o c e s s e d  a t  t h e  p r e s e n t  time. Of  

g r e a t  s c i e n t i f i c  i n t e r e s t  i s  t h e  o b t a i n i n g  of pho tographs  of  t h e  

h i d d e n  s i d e  of t h e  Moon. For t h e  f i r s t  t i m e  i n  h i s t o r y  men were a b l e  

t o  see t h i s  s i d e  of t h e  Moon which was n e v e r  v i s i b l e  f rom Ear th .  

The l a u n c h i n g  of t h e  au tomat i c  i n t e r p l a n e t a r y  s t a t i o n  t e s t i f i e s  

t o  t h e  h i g h  l e v e l  of development  of o u r  n a t i o n a l  S o v i e t  s c i e n c e  and 

t e c h n i q u e s .  
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THE CONSTRUCTION OF THE AUTOMATIC 
INTERPLANETARY STAT1 CN 

The a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  i s  a cosmic v e h i c l e  equipped  

w i t h  a complex sys tem of r a d i o - t e c h n i c a l ,  p h o t o - t e l e v i s i o n ,  and 

s c i e n t i f i c  i n s t r u m e n t a t i o n ,  a s p e c i a l  gu idance  sys t em,  i n s t a l l a t i o n s  

f o r  program c o n t r o l  of  t h e  o p e r a t i o n  of t h e  a p p a r a t u s ,  a sys t em f o r  

a u t o m a t i c  r e g u l a t i o n  of t h e  the rma l  regime i n s i d e  t h e  s t a t i o n ,  and 

power s u p p l y  s o u r c e s .  (Fig. 1) 

A s p e c i a l  r a d i o - t e c h n i c a l  sys t em s e c u r e s  t h e  measurement of a l l  

p a r a m e t e r s  of t h e  s t a t i o n ,  e n a b l e s  t r a n s m i s s i o n  t o  E a r t h  of  t e l e v i s i o n  

and  s c i e n t i f i c  te lemetr ic  i n f o r m a t i o n ,  and a l s o  t h e  t r a n s m i s s i o n  f rom 

E a r t h  of  commands which c o n t r o l  t h e  o p e r a t i o n  of  t h e  a p p a r a t u s  aboa rd  

t h e  i n t e r p l a n e t a r y  s t a t i o n .  

The gu idance  sys tem h a s  s e c u r e d  t h e  gu idance  of  t h e  i n t e r p l a n e t a r y  

s t a t i o n  i n  cosmic space  i n  r e l a t i o n  t o  t h e  Sun and t h e  Moon, which i s  

n e c e s s a r y  f o r  t h e  purpose  of photographing  t h e  h idden  s i d e  of t h e  

Moon. 

The o p e r a t i o n  of t h e  i n s t r u m e n t s  aboard  t h e  s t a t i o n  i s  e n t i r e l y  

c o n t r o l l e d  from ground p o i n t s  a long  r a d i o  waves and a l s o  by s e p a r a t e  

programming d e v i c e s  a b o a r d  t h e  s t a t i o n .  Such a d e s i g n e d  sys tem makes 

it p o s s i b l e  t o  c o n t r o l ,  most c o n v e n i e n t l y ,  t h e  e x e c u t i o n  of s c i e n t i f i c  

e x p e r i m e n t s ,  and  t o  o b t a i n  i n f o r m a t i o n  from v a r i o u s  p a r t s  of t h e  o r b i t  

w i t h i n  t h e  l i m i t s  of r a d i o  communication from ground o b s e r v a t i o n a l  

p o i n t s  a 

For  t h e  purpose of m a i n t a i n i n g  t h e  d e s i r e d  t h e r m a l  regime i n s i d e  

t h e  s t a t i o n ,  a n  a u t o m a t i c  system of the rma l  r e g u l a t i o n ,  ( a  t h e r m o s t a t ) ,  
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f u n c t i o n s  c o n t i n u o u s l y .  T h i s  sys t em a s s u r e s  t h e  e l i m i n a t i o n  of h e a t  

which i s  emanated by t h e  i n s t r u m e n t s ,  t h rough  a s p e c i a l  r a d i a t i o n a l  

s u r f a c e  i n t o  t h e  su r round ing  cosmic space .  F o r  t h e  purpose  of 

r e g u l a t i o n  of  h e a t  emanat ion ,  s p e c i a l  s h u t t e r s  a r e  i n s t a l l e d  on t h e  

o u t s i d e  of t h e  i n s t r u m e n t  c a r r i e r ,  which uncover  t h e  r a d i a t i o n a l  

s u r f a c e  d u r i n g  t e m p e r a t u r e  i n c r e a s e  i n s i d e  t h e  s t a t i o n  t o  +25C. 

The power s u p p l y  sys t em c o n t a i n s  s e p a r a t e  b l o c k s  of chemica l  

power s o u r c e s ,  which s e c u r e  power t o  t h e  s h o r t  l a s t i n g  a c t i v i t i e s  of 

t h e  i n s t r u m e n t s  and  a l s o  t o  t he  c e n t r a l i z e d  b lock  of a chemica l  

b u f f e r  b a t t e r y .  Compensat ion of t h e  consumed ene rgy  of t h e  b u f f e r  

b a t t e r y  i s  done by S o l a r  power s o u r c e s .  Power i s  f e d  t o  t h e  i n s t r u -  

ments  aboa rd  t h e  s t a t i o n  by means of c o n v e r t i n g  and s t a b i l i z i n g  

i n s t a l l a t i o n s  . 
The complex of s c i e n t i f i c  i n s t r u m e n t a t i o n ,  which i s  i n s t a l l e d  

aboa rd  t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n ,  p e r m i t s  t h e  f u r t h e r  

development  of i n v e s t i g a t i o n s  of cosmic space  and t h e  s p a c e  a round  

t h e  Moon, which was begun by t h e  two p r e v i o u s  S o v i e t  cosmic r o c k e t s .  

The a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  i s  composed of a t h i n  w a l l e d  

h e r m e t i c  c o n s t r u c t i o n ,  which has t h e  shape of a c y l i n d e r  w i t h  

s p h e r i c a l  ends .  The maximum d i a m e t e r  of t h e  s t a t i o n  i s  1,200 mm and  

t h e  l e n g t h  i s  1,300 mm ( w i t h o u t  a n t e n n a s ) .  

-frame, a r e  d i s t r i b u t e d  t h e  i n s t r u m e n t s  and t h e  chemica l  power 

I n s i d e  t h e  body,  on a 

s u p p l i e s .  On t h e  o u t s i d e  a r e  i n s t a l l e d  p a r t s  of t h e  s c i e n t i f i c  

i n s t r u m e n t s ,  a n t e n n a s ,  and s e c t i o n s  of S o l a r  b a t t e r i e s .  On t h e  f r o n t  

end  i s  l o c a t e d  t h e  i l l u m i n a t o r  w i t h  a cove r  which opens  up a u t o -  

m a t i c a l l y  b e f o r e  t h e  s t a r t  o f  pho tograph ic  a c t i v i t i e s .  On t h e  t o p  

and  bo t tom c o v e r s  a r e  l o c a t e d  s m a l l  i l l u m i n a t o r s  f o r  S o l a r  d e v i c e s  
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of t h e  guidance  system. On t h e  bot tom s p h e r e  a r e  i n s t a l l e d  t h e  

motors  of t h e  gu idance  system. ( F i g .  2 )  

For  t h e  purpose  of photographing  t h e  Moon, a scheme by which t h e  

photo  cameras were d i r e c t e d  a t  t h e  Moon by  t u r n i n g  t h e  e n t i r e  a u t o m a t i c  

i n t e r p l a n e t a r y  s t a t i o n ,  proved t o  be most u s e f u l .  The o r i e n t a t i o n  

sys t em which was i n s t a l l e d  aboard  t h e  s t a t i o n  t u r n e d , a n d  m a i n t a i n e d  

t h e  n e c e s s a r y  d i r e c t i o n  of t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n .  

The o r i e n t a t i o n  sys tem was  a c t i v a t e d  a f t e r  n e a r i n g  t h e  Moon a t  

t h e  moment when t h e  s t a t i o n  was l o c a t e d  i n  t h e  d e s i r e d  p o s i t i o n  i n  

r e l a t i o n  t o  t h e  Moon and t h e  Sun. T h i s  s e c u r e d  t h e  n e c e s s a r y  

c o n d i t i o n s  f o r  o r i e n t a t i o n  and photographing .  The d i s t a n c e  t o  t h e  

Moon, a t  t h i s  moment, was between 60 and  70,000 km,according t o  

c a l c u l a t i o n .  I n  t h e  beg inn ing  of i t s  o p e r a t i o n  t h e  o r i e n t a t i o n  

sys tem,which  c o n t a i n s  o p t i c a l  and g y r o s c o p i c a l  d e v i c e s ,  l o g i s t i c  

e l e c t r o n i c  i n s t a l l a t i o n s  and  guidance  moto r s ,  f i r s t  of a l l  s t o p p e d  

t h e  f r e e  r o t a t i o n  of  t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  a round t h e  

c e n t e r  of i t s  g r a v i t y ,  which began a t  t h e  moment of s e p a r a t i o n  from 

t h e  l a s t  s t a g e  of t h e  c a r r i e r  r o c k e t .  

The a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  i s  i l l u m i n a t e d  by  t h r e e  

b r i g h t  heaven ly  b o d i e s ,  t h e  S u n ,  t h e  Moon, and t h e  E a r t h .  I t s  f l i g h t  

t r a j e c t o r y  was chosen  i n  such  a manner t h a t  a t  t h e  moment of photo-  

g r a p h i n g :  t.hp s t a t i ~ r !  wzs l ~ c i t - e d  ir! z p p r c x i m a t e l x r  Y 3 s t r 2 t ~ h - t  l i n e  

between t h e  Moon and  t h e  Sun. A t  t h i s  moment t h e  E a r t h  s h o u l d  have 

been  i n  such a p o s i t i o n  between t h e  Sun and t h e  Moon t h a t  t h e r e  would 

be  no p o s s i b i l i t y  of t h e  i n s t r u m e n t  becoming o r i e n t a t e d  on t h e  E a r t h  

i n s t e a d  of t h e  Moon. 
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The i n d i c a t e d  p o s i t i o n  of t h e  i n t e r p l a n e t a r y  s t a t i o n  i n  r e l a t i o n  

t o  heaven ly  b o d i e s ,  a t  t h e  moment of t h e  s t a r t  of o r i e n t a t i o n ,  has  

p e r m i t t e d  u t i l i z a t i o n  of t h e  f o l l o w i n g  r e c e p t i o n .  F i r s t ,  i t s  bot tom 

s p h e r e  was d i r e c t e d  towards  t h e  Sun w i t h  t h e  h e l p  of t h e  S o l a r  s e n s o r s ;  

w i t h  t h i s  a l o n e  t h e  o p t i c a l  a x i s  of t h e  photocameras  was t u r n e d  i n  

t h e  o p p o s i t e  d i r e c t i o n s ,  towards t h e  Moon. Then t h e  r e s p e c t i v e  

o p t i c a l  i n s t a l l a t i o n ,  i n  whose f i e l d  of v i e w  t h e  E a r t h  and t h e  Sun 

c o u l d  no l o n g e r  a p p e a r ,  h a s  s e n t  o f f  t h e  o r i e n t a t i o n  on t h e  Sun and 

h a s  conducted  a n  a c c u r a t e  o r i e n t a t i o n  on t h e  Moon. 

Lunar  " p r e s e n t s " ,  which were s e n t  o u t  by t h e  o p t i c a l  i n s t a l l a t i o n ,  

p e r m i t t e d  t h e  s t a r t  of  au tomat i c  photographing .  During t h e  e n t i r e  

p e r i o d  of pho tograph ing ,  t h e  system o b t a i n e d  a con t inuous  o r i e n t a t i o n  

of t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  on t h e  Moon. 

The s i g n a l  of 

A f t e r  a l l  f rames  of t h e  f i l m  were exposed ,  t h e  o r i e n t a t i o n  

sys t em was a u t o m a t i c a l l y  t u r n e d  o f f .  

i t  b r o a d c a s t  t o  t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n ,  a r e g u l a t i n g  

r o t a t i o n  w i t h  a de t e rmined  a n g u l a r  v e l o c i t y ,  which was s e l e c t e d  i n  

such  a manner t h a t  on one s i d e  it would improve t h e  the rma l  regime 

and on t h e  o t h e r  s i d e  i t  would e l i m i n a t e  t h e  i n f l u e n c e  of r o t a t i o n  on 

t h e  f u n c t i o n i n g  of  t h e  s c i e n t i f i c  i n s t r u m e n t a t i o n .  

A t  t h e  moment of  t h e  t u r n  o f f ,  

Page 6 



Jet Propulsion Laboratory JPLAI/Trans la t ion  No. 15 

THE FLIGHT OF THE INTERPLANETARY STATION 

The o r b i t  of  t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  was s p e c i a l l y  

ddap ted  f o r  t h e  s o l u t i o n  of complex s c i e n t i f i c  problems. I n  o r d e r  t o  

o b t a i n  t h e  n e c e s s a r y  o r b i t ,  i n  a d d i t i o n  t o  s e c u r i n g  t h e  r e q u i r e d  

v e l o c i t y  and  f l i g h t  d i r e c t i o n  of  t h e  s t a t i o n  a t  t h e  moment of motor 

c u t o f f  of  t h e  l a s t  r o c k e t  s t a g e ,  t h e  i n f l u e n c e  of t h e  Lunar  g r a v i -  

t a t i o n  was a l s o  u t i l i z e d .  

The t r a j e c t o r y  of rounding  t h e  Moon had t o  s a t i s f y  a number of 

r e q u i r e m e n t s .  For t h e  purpose  of s e c u r i n g  a c o r r e c t  o p e r a t i o n  of t h e  

o r i e n t a t i o n  sys t em a t  t h e  moment of photographing  it was n e c e s s a r y ,  

a s  was i n d i c a t e d  above ,  t o  a s c e r t a i n  t h a t  a t  t h e  moment of  t h e  s t a r t  

o f  o r i e n t a t i o n ,  t h e  Moon, t h e  s t a t i o n ,  and t h e  Sun were l o c a t e d  

a p p r o x i m a t e l y  on a s t r a i g h t  l i n e .  The d i s t a n c e  of t h e  s t a t i o n  from 

t h e  Moon d u r i n g  t h e  p e r i o d  of  photographing  was approximated  a t  f rom 

60--70,000 km. 

The c h a r a c t e r  of t h e  t r a j e c t o r y  n e c e s s i t a t e d  t h e  a c c u m u l a t i o n  of 

a g r e a t  d e a l  of i n f o r m a t i o n  d u r i n g  i t s  f i r s t  t u r n , a n d  e s p e c i a l l y  a t  

c l o s e  d i s t a n c e s  f rom t h e  E a r t h ' s  s u r f a c e .  I n  o r d e r  t o  f u l f i l l  t h i s  

r e q u i r e m e n t  i t  was n e c e s s a r y  t o  s e c u r e  t h e  b e s t  p o s s i b l e  c o n d i t i o n s  

of  r a d i o  communication w i t h  t h e  i n t e r p l a n e t a r y  s t a t i o n  from p o i n t s  

which were l o c a t e d  a l o n g  t h e  t e r r i t o r y  of t h e  S o v i e t  Union. 

F o r  t h e  purpose  of s c i e n t i f i c  i n v e s t i g a t i o n s  i t  was a l s o  ve ry  

d e s i r a b l e  t o  o b t a i n  a t r a j e c t o r y  which would s e c u r e  a s u f f i c i e n t l y  

l o n g  l a s t i n g  f l i g h t  of t h e  i n t e r p l a n e t a r y  s t a t i o n  i n  cosmos. 

A f l i g h t  a round t h e  Moon w i t h  a r e t u r n  t o  E a r t h  c a n  be accom- 

p l i s h e d  d u r i n g  movement a l o n g  v a r i o u s  t y p e s  of t r a j e c t o r i e s .  I n  o r d e r  
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t o  o b t a i n  such  t r a j e c t o r i e s  t h e  v e l o c i t y  a t  t h e  end of t h e  a c c e l e r a t i o n  

s e c t o r  s h o u l d  be somewhat l e s s  t h a n  t h e  s o - c a l l e d  second cosmic 

v e l o c i t y ,  o r  t h e  p a r a b o l i c  v e l o c i t y ,  which e q u a l s  11.2 k d s e c  n e a r  t h e  

s u r f a c e  of  t h e  E a r t h .  I f  t h e  f l i g h t  t r a j e c t o r y  goes  p a s t  t h e  Moon a t  

a d i s t a n c e  of s e v e r a l  10,000 km from i t s  s u r f a c e ,  t h e n  t h e  Lunar 

i n f l u e n c e  w i l l  be c o m p a r a t i v e l y  sma11,and t h e  f l i g h t  i n  r e l a t i o n  t o  

E a r t h  w i l l  t a k e  p l a c e  a long  a t r a j e c t o r y  which would be  somewhat 

e l l i p t i c a l ,  w i t h  its f o c a l  p o i n t  a t  - the c e n t e r  of t h e  E a r t h .  ( F i g .  3) 

However, a t r a j e c t o r y  w i t h  d b r o a d  rounding  of t h e  Moon, which 

would c a r r y  a r o c k e t  a t  a d i s t a n c e  of s e v e r a l  t e n s  of  t housands  km 

from t h e  Lunar  s u r f a c e  a t  i t s  c l o s e s t  p o i n t ,  h a s  a number of s h o r t -  

comings. During a f l i g h t  a t  g r e a t  d i s t a n c e s  f rom t h e  Moon, i t  becomes 

i m p o s s i b l e  t o  i n v e s t i g a t e  d i r e c t l y  t h e  cosmic space  i n  t h e  immediate  

a r e a s  of t h e  Moon. During t h e  r o c k e t  l a u n c h i n g  which was accompl i shed  

from t h e  n o r t h e r n  hemisphere  of t h e  E a r t h ,  a r e t u r n  t o  E a r t h  t a k e s  

p l a c e  from t h e  s o u t h e r n  hemisphere ,  which makes i t  d i f f i c u l t  l o  

conduc t  o b s e r v a t i o n s  and r e c e i v e  s c i e n t i f i c  i n f o r m a t i o n  from t r a c k i n g  

s t a t i o n s  which a r e  l o c a t e d  i n  t h e  n o r t h e r n  hemisphere .  The movement 

n e a r  t h e  E a r t h  d u r i n g  t h e  r e t u r n  t r i p  t a k e s  p l a c e  o u t s i d e  of t h e  

v i s i b i l i t y  l i m i t s  f rom t h e  n o r t h e r n  hemisphe re ,  t h e r e f o r e  t h e  

r e c e p t i o n  of  i n f o r m a t i o n  conce rn ing  t h e  r e s u l t  of  s c i e n t i f i c  o b s e r -  

"atLG,ii3 t 3 ~ o \ i e  iG be 'Lrnposs~ble  r,eGi t h e  r _ - - - A L  
I d i  LLL. Euiii-iy its i C t u i i - 1  t u  . .- 

E a r t h  t h e  r o c k e t  e n t e r s  t h e  dense  l a y e r s  of t h e  a tmosphere  and  b u r n s  

up;  i . e . ,  t h e  f l i g h t  of t h e  r o c k e t  ends  a f t e r  i t s  f i r s t  o r b i t .  

These sho r t comings  can  be p r e v e n t e d  i f ,  d u r i n g  t h e  f l i g h t  a round  

t h e  Moon, a t y p e  of t r a j e c t o r y  i s  u t i l i z e d ,  which c a r r i e s  t h e  r o c k e t  
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a t  s m a l l  d i s t a n c e s  approx ima te ly  s e v e r a l  t housand  km from t h e  Lunar 

s u r f  a c e s  

The f l i g h t  t r a j e c t o r y  of t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  

passed  a t  a d i s t a n c e  of 7 ,900  km from t h e  c e n t e r  of t h e  Moon, and was 

s e l e c t e d  w i t h  such  a c a l c u l a t i o n ,  t h a t  a t  t h e  moment of maximum 

approach ,  t h e  s t a t i o n  was t o  t h e  s o u t h  of t h e  Moon. A s  a r e s u l t  of 

Lunar g r a v i t a t i o n ,  t h e  t r a j e c t o r y  of t h e  a u t o m a t i c  s t a t i o n  i n  

co r re spondence  w i t h  c a l c u l a t i o n s  was d e c l i n e d  toward  t h e  n o r t h .  T h i s  

d e c l i n a t i o n  was s o  s u b s t a n t i a l  t h a t  t h e  r e t u r n  t o  E a r t h  took  p l a c e  

from t h e  n o r t h e r n  hemisphere .  A f t e r  approach ing  t h e  Moon t h e  l a r g e s t  

a l t i t u d e  of t h i s  s t a t i o n  above t h e  h o r i z o n  f o r  o b s e r v a t i o n  p o i n t s ,  

which were l o c a t e d  i n  t h e  n o r t h e r n  hemisphe re ,  i n c r e a s e d  from day 

t o  day. The time i n t e r v a l s ,  du r ing  which a d i r e c t  communicat ion w i t h  

t h e  a u t o m a t i c  s t a t i o n  was p o s s i b l e ,  i n c r e a s e d  c o r r e s p o n d i n g l y .  By a 

s u f f i c i e n t  approach  t o  t h e  E a r t h  t h e  a u t o m a t i c  s t a t i o n  c o u l d  be  

obse rved  from t h e  n o r t h e r n  hemisphere a s  a s t a t i o n a r y  h e a v e n l y  body. 

C o n d i t i o n s  f o r  r e c e p t i o n  of  i n f o r m a t i o n  d u r i n g  t h e  s t a t i o n ' s  

approach  t o  E a r t h  and c o n d i t i o n s  f o r  conduc t ing  s c i e n t i f i c  i n v e s t i -  

g a t i o n s  on t h e  s e c t o r  of r e t u r n  t o  t h e  immediate envi ronment  of t h e  

E a r t h ,  p roved  t o  be s u f f i c i e n t l y  s a t i s f a c t o r y .  During t h e  r e t u r n  t o  

E a r t h  i n  i t s  f i r s t  o r b i t ,  t h e  s t a t i o n  d i d  n o t  e n t e r  t h e  a tmosphere-  

which would have caused  i t s  disinte~raticn-, but p s s e d  a t  d d i s t a n c e  

of 4 7 , 5 0 0  km from t h e  c e n t e r  of t h e  E a r t h , t r a v e l i n g  a l o n g  a n  ex tended  

o r b i t  of ve ry  l a r g e  d imens ions ,  which r e sembled  a n  e l l i p s e .  

l a r g e s t  d i s t a n c e  of t h e  s t a t i o n  from E a r t h  w a s  480 ,000  km. 

The 

Thus,  by p a s s i n g  n e a r  t h e  Moon, i t  was p o s s i b l e  t o  o b t a i n  f l i g h t  

t r a j e c t o r i e s  of t h e  au tomat i c  i n t e r p l a n e t a r y  s t a t i o n  which a r e  
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e x t r e m e l y  i n t e r e s t i n g ,  and i t  was a l s o  p o s s i b l e  t o  conduct  s c i e n t i f i c  

i n v e s t i g a t i o n s  and t o  r e c e i v e  s c i e n t i f i c  i n f o r m a t i o n .  

The f l i g h t  of t h e  i n t e r p l a n e t a r y  s t a t i o n  n e a r  t h e  E a r t h  took  

p l a c e  a t  such  g r e a t  d i s t a n c e s  from i t s  s u r f a c e  t h a t  t h e r e  was no d r a g  

due t o  a t m o s p h e r i c  f r i c t i o n .  T h e r e f o r e ,  i f  t h e  f l i g h t  would t a k e  

p l a c e  o n l y  unde r  t h e  i n f l u e n c e  of t h e  E a r t h ' s  g r a v i t a t i o n a l  p u l l ,  t h e  

a u t o m a t i c  s t a t i o n  would h g v e  t u r n e d  i n t o  a n  E a r t h  s a t e l l i t e  w i t h  a n  

u n l i m i t e d  l i f e  span.  

A c t u a l l y ,  however,  t h e  l i f e  span  of t h e  s t a t i o n  i s  l imi t ed .  As 

a r e s u l t  of  t h e  p e r t u r b i n g  i n f l u e n c e  of  S o l a r  g r a v i t a t i o n  t h e  c l o s e s t  

d i s t a n c e  of  t h e  o r b i t  t o  t h e  E a r t h - t h e  orbi tabl  per igee-would  r e g u l a r l y  

d e c r e a s e .  T h e r e f o r e ,  a f t e r  comple t ing  a c e r t a i n  number of o r b i t s , t h e  

s t a t i o n  w i l l ,  i n  i t s  t ime,  d u r i n g  one of i t s  c o n s e c u t i v e  r e t u r n s  t o  

E a r t h ,  e n t e r  t h e  dense  l a y e r  of o u r  a tmosphere  and d i s i n t e g r a t e .  

The magnitude of a l t i t u d e  d e c r e a s e  of t h e  p e r i g e e  f o r  one o r b i t  

depends on t h e  d imens ions  of t h e  o r b i t ,  and p a r t i c u l a r l y  on t h e  

a l t i t u d e  of  t h e  apogee ,  i . e . ,  on t h e  l a r g e s t  d i s t a n c e  of t h e  o r b i t  

f rom E a r t h ,  s h a r p l y  i n c r e a s i n g  d u r i n g  t h e  i n c r e a s e  of t h e  apogee 

a l t i t u d e .  T h i s  i s  why, d u r i n g  t h e  s e l e c t i o n  of t h e  t r a j e c t o r y  f o r  

t h e  i n t e r p l a n e t a r y  s t a t i o n ,  i t  was n e c e s s a r y  t o  make an e f f o r t  towards  

a c h i e v i n g  a n  apogee a l t i t u d e  which would be somewhat l e s s ,  and which 

would somewhat exceed  t h e  d i s t a n c e  from t h e  E 2 r t h  to t h e  !Coon. It 

was a l s o  n e c e s s a r y  t h a t  t h e  a l t i t u d e  of t h e  p e r i g e e  d u r i n g  t h e  f i r s t  

o r b i t  be somewhat l a r g e r .  The comple te  number of  r e v o l u t i o n s  of t h e  

a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  a round t h e  E a r t h ,  and t h e  p e r i o d  of  

i t s  e x i s t e n c e ,  depend on t h e  degree  of accompl i sh ing  t h e s e  two a s s i g n e d  

r e q u i r e m e n t s .  
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The Lunar i n f l u e n c e  i s  not  l i m i t e d  by  t h i s  e f f e c t ,  which t h e  

Moon h a s  i n f l i c t e d  d u r i n g  t h e  f i r s t  c l o s e  approach .  The p e r t u r b a n c e  

of t h e  s t a t i o n ' s  o r b i t  caused  by t h e  Lunar g r d v i t a t i o n  w i l l  n o t  have 

such  a r e g u l a r  c h a r a c t e r  a s  t h e  p e r t u r b a t i o n  caused  by S o l a r  g r a v i -  

t a t i o n ,  and t o  a g r e a t  d e g r e e  i t  depends on t h e  r o t a t i o n  p e r i o d  o f  

t h e  s t a t i o n  a round t h e  E a r t h .  

be  s u b s t a n t i a l ,  i f  a t  some o f  t h e  c o n s e c u t i v e  o r b i t s  a r e p e t i t i o n  of 

a s u f f i c i e n t l y  c l o s e  approach  t o  t h e  Moon would occur .  I n  t h i s  c a s e  

t h e  approach  of t h e  s t a t i o n  t o  t h e  Moon would have t a k e n  p l a c e  

The i n f l u e n c e  of t h e  Moon can  prove  t o  

a p p r o x i m a t e l y  i n  t h e  same p o s i t i o n  a s  t h e  Lunar  o r b i t  t h e  f i r s t  time. 

I n  c a s e  of  a r e p e t i t i o n  of  a c l o s e  approach ,  t h e  f l i g h t  c h a r a c t e r  of  

t h e  s t a t i o n  might  change s u b s t a n t i a l l y .  I f  t h e  i n t e r p l a n e t a r y  s t a t i o n  

would p a s s  t h e  Moon from t h e  s o u t h ,  i . e . ,  i f  t h e  second approach  would 

be  of  a s i m i l a r  n a t u r e  t o  t h e  f i r s t ,  t h e n  t h e  number of  o r b i t s  and 

p e r i o d  of e x i s t e n c e  of  t h i s  s t a t i o n  would i n c r e a s e  s h a r p l y  by con- 

s e r v i n g  t h e  b a s i c  p r o p e r t y  o f  i t s  t r a j e c t o r y - a n  approach  t o  t h e  E a r t h  

f rom the  n o r t h e r n  hemisphere.  I f  a r e p e t i t i o n  of approach  would t a k e  

p l a c e  from t h e  n o r t h e r n  s i d e ,  t h e  h e i g h t  of t h e  o r b i t a l  p e r i g e e  would 

d e c r e a s e ,  and  i n  t h e  c a s e  of a s u f f i c i e n t l y  s t r o n g  p e r t u r b a n c e , a  

c o l l i s i o n  w i t h  t h e  E a r t h  might  t a k e  p l a c e  d u r i n g  t h e  n e x t  r e t u r n  of  

t h e  s t a t i o n  towards  o u r  p l a n e t .  

During t h e  o r b i t a l  t u r n s ,  when a c l o s e  approach  t o  t h e  Moon does  

n o t  t a k e  p l a c e ,  t h e  Moon, n e v e r t h e l e s s ,  h a s  a c e r t a i n  i n f l u e n c e  on 

t h e  movement of t h e  s t a t i o n .  Even i f  t h e  g r a v i t a t i o n a l  f o r c e  of t h e  

Moon i n  t h i s  c a s e  i s  ve ry  s m a l l ,  by a f f e c t i n g  a c o n s i d e r a b l e  number of 

t u r n s  o f  t h e  t r a j e c t o r y ,  t h e  g r a v i t a t i o n  of t h e  Moon shows a n o t i c e a b l e  

i n f l u e n c e  on t h e  movement of t h e  automatic,  s t a t i o n ,  c a u s i n g  a d e c r e a s e  
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i n  t h e  p e r i g e e  h e i g h t  and i n  t h e  e x i s t e n c e  p e r i o d  of t h e  s t a t i o n  

i n  o r b i t .  ( F i g .  3) 

The p i c t u r e  of movement of t h e  au tomat i c  i n t e r p l a n e t a r y  s t a t i o n ,  

unde r  t h e  i n f l u e n c e  o f  s i m u l t a n e o u s l y  a c t i n g  g r a v i t a t i o n a l  f o r c e s  of 

t h e  E a r t h ,  Moon, and S u n , i s  very compl i ca t ed .  The manner of p a s s i n g  

t h e  Moon d u r i n g  t h e  f i r s t  approach h a s  a d e t e r m i n i n g  r o l e  f o r  t h e  

f u t u r e  f l i g h t  of t h e  i n t e r p l a n e t a r y  s t a t i o n .  

S i n c e  t h e  f l i g h t  of t h e  i n t e r p l a n e t a r y  s t a t i o n  canno t  be  

c o r r e c t e d  a l o n g  i t s  p a t h ,  and i t s  e n t i r e  motion i s  f i n a l l y  de t e rmined  

by t h e  f l i g h t  pa rame te r s  a t  t h e  end of t h e  a c c e l e r a t i o n  p e r i o d  ( b a s i c l y  

by t h e  magnitude and d i r e c t i o n  of  v e l o c i t y ) ,  it i s  t h e r e f o r e  c l e a r  

t h a t  t h e  r e a l i z a t i o n  of  t h e  above d e s c r i b e d  t r a j e c t o r y  of t h e  cosmic 

s t a t i o n  i s  p o s s i b l e  o n l y  through a n  extremely p e r f e c t  gu idance  sys tem 

of t h e  r o c k e t  c a r r i e r  d u r i n g  t h e  a c c e l e r a t i o n  s e c t o r .  

C a l c u l a t i o n s  i n d i c a t e  t h a t  a d e c l i n a t i o n  from t h e  a s s i g n e d  p o i n t  

of t h e  s t a t i o n s  pas sage  through a p i c t o r i a l  p l a n e ,  even  o n l y  by 

1,000 k m ,  w i l l  change t h e  minimum d i s t a n c e  between t h e  E a r t h  and t h e  

s t a t i o n  d u r i n g  t h e  s t a t i o n s  r e t u r n  a t  abou t  5 t o  10,000 km,  and t h e  

p e r i o d  of t h e  c l o s e s t  approach  t o  E a r t h  w i l l  be  changed from 10 t o  14 

h r .  I n  t h i s  case,we c a l l  a p i c t o r i a l  p l a n e  t h e  p l a n e  which r u n s  from 

t h e  c e n t e r  of t h e  Moon p e r p e n d i c u l a r l y  t o  t h e  l i n e  between t h e  Moon 

and  t h e  E a r t h .  

It  was n e c e s s a r y  t o  a c h i e v e  an  accu racy  o f  c o n t r o l  i n  t h e  s e c t o r  

of t h e  r o c k e t ' s  i n j e c t i o n  which would s e c u r e  a d e c l i n a t i o n  i n  t h e  

p o i n t  of  i n t e r s e c t i o n  w i t h  t h e  c h a r t e r e d  p l a n e  t h a t  was n o t  more t h a n  

3,000 km. T h i s  was n e c e s s a r y  t o  a c h i e v e  a l i m i t e d  d e v i a t i o n  i n  t h e  

minimum d i s t a n c e  between t h e  E a r t h  and t h e  s t a t i o n  which would n o t  
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exceed  20,000 km. A t  f i r s t  s i g h t ,  t h i s  c o n d i t i o n ,  which was p r e s e n t e d  

t o  t h e  r o c k e t ' s  gu idance  system, seemed t o  be  l e s s  i m p o r t a n t  i n  

compar ison  w i t h  o t h e r  c o n d i t i o n s  which govern  t h e  problem of h i t t i n g  

t h e  Moon; s i n c e  i n  o r d e r  t o  s e c u r e  a n  i m p a c t ,  a l i m i t e d  d e v i a t i o n  of 

t h e  r o c k e t  from t h e  p o i n t  of aim o r  f rom t h e  c a l c u l a t e d  p o i n t  o f  

p a s s i n g  t h e  p i c t o r i a l  p l a n e  d i d  n o t  exceed  t h e  r a d i u s  of t h e  Moon, 

i . e . ,  i t  s h o u l d  be approx ima te ly  two times s m a l l e r  t h a n  3,000 km. 

However, i n  t h e  c a s e  of  t h e  r o c k e t ' s  movement a l o n g  a rounding  

t r a j e c t o r y ,  a d e v i a t i o n  i n  t h e  r o c k e t  o r b i t a l  i n j e c t i o n  would a f f e c t  

t h e  c r o s s i n g  p o i n t  on a c h a r t e r e d  p l a n e ,  c o n s i d e r a b l y  more t h a n  f o r  

a n  impact  expe r imen t  l i k e  t h e  one accompl ished  w i t h  t h e  second cosmic 

r o c k e t .  

A c t u a l l y ,  a s  was r e p o r t e d ,  a d e c l i n a t i o n  i n  t h e  i n j e c t i o n  

v e l o c i t y  of t h e  r o c k e t  a l o n g  a s e c t o r  of  f r e e  f l i g h t  by 1 d s e c ,  i n  

t h e  c a s e  of  a Lunar  impac t ,  would l e a d  t o  a d e c l i n a t i o n  of t h e  c r o s s i n g  

p o i n t  of  t h e  p i c t o r i a l  p l ane  of 250 km, and i n  t h e  c a s e  of a n  e x p e r i -  

ment w i t h  a rounding  t r a j e c t o r y  a round t h e  Moon, this  d e v i a t i o n  would 

e q u a l  750 km, t h a t  i s  t h r e e  times l a r g e r .  By a comparison o f  t h e s e  

numbers it i s  obv ious  t h a t  a r e a l i z a t i o n  of  t h e  g i v e n  expe r imen t  of 

a rounding t r a j e c t o r y  p r e s e n t s  n o t  l e s s ,  b u t  even more,  d i f f i c u l t  

r e q u i r e m e n t s  a s  f a r  a s  t h e  accu racy  of t h e  r o c k e t  g u i d a n c e  sys t em i s  

conce rned ,  t h a n  i n  t h e  c a s e  of a d i r e c t  impact .  

A s  p r e v i o u s l y  ment ioned ,  when t h e  i n t e r p l a n e t a r y  s t a t i o n  p a s s e s  

n e a r  t h e  Moon, t h e  s t a t i o n  t r a j e c t o r y  i s  s u b j e c t e d  t o  s t r o n g  p e r t u r -  

b a n c e s ,  which c a u s e  a change i n  t h e  i n i t i a l  d i r e c t i o n  of movement 

s t i p u l a t i n g  t h e  r e t u r n  of t h e  s t a t i o n  t o  E a r t h  f rom t h e  s i t e  o f  t h e  

n o r t h e r n  hemisphere .  T h i s  same d i s t u r b i n 9  i n f l u e n c e  of t h e  Moon 
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s u b s t a n t i a l l y  s t r e n g t h e n s  t h e  e f f e c t  of t h e  d e v i a t i o n  of t h e  f l i g h t  

pa rame te r s  a t  t h e  end of t h e  a c c e l e r a t i o n  p e r i o d  from t h e i r  c a l c u l a t e d  

v a l u e s  and a l s o  t h e  c h a r a c t e r  of f l i g h t  of t h e  s t a t i o n  d u r i n g  i t s  

r e t u r n  t o  t h e  E a r t h  a f t e r  rounding  t h e  Moon. T h e r e f o r e ,  even  a s m a l l  

e r r o r  i n  t h e  d e t e r m i n a t i o n  of t h e s e  p a r a m e t e r s  w i l l  l e a d  t o  v e r y  

s u b s t a n t i a l  e r r o r s  i n  t h e  c a l c u l a t i o n  of t h e  c h a r a c t e r i s t i c  of f l i g h t  

of t h e  i n t e r p l a n e t a r y  s t a t i o n  d u r i n g  i t s  r e t u r n  t o  E a r t h .  

F o r  t h e  purpose  of e s t a b l i s h i n g  a r e l i a b l e .  r a d i o  communicat ion 

be tween t h e  i n t e r p l a n e t a r y  s t a t i o n  and t h e  ground o b s e r v a t i o n  p o i n t s ,  

i t  was n e c e s s a r y  t o  know i n  a d d i t i o n ,  and w i t h  s u f f i c i e n t  a c c u r a c y ,  

t h e  changes  which t h e  c h a r a c t e r i s t i c  of t h e  s t a t i o n s  f l i g h t  underwent  

w i t h  time. 

t h e  c a l c u l a t i o n s  for t a r g e t  d e s i g n a t i o n  of t h e  measurement p o i n t s , a n d  

i s  n e c e s s a r y  i n  d e t e r m i n i n g  t h e  moments when t h e  s t a t i o n s  t r a n s m i s s i o n  

T h i s  i s  n e c e s s a r y  f o r  t h e  purpose  of a c c u r a t e l y  conduc t ing  

i n s t r u m e n t s  shou ld  be t u r n e d  on. T h i s  r e q u i r e s  a s y s t e m a t i c  measure-  

ment of  t h e  t r a j e c t o r y  of t h e  i n t e r p l a n e t a r y  s t a t i o n ,  a d a t a  p r o c e s s i n g ,  

and  a d e f i n i t i o n  of t h e  f l i g h t  c h a r a c t e r i s t i c s  of t h e  s t a t i o n  d u r i n g  

i t s  approach  t o  t h e  Moon, a s  w e l l  a s  a f t e r  t h e  s t a t i o n &  rounding  , the  

Moon. The i n f l u e n c e  of t h e  Sun and t h e  Moon on t h e  e v o l u t i o n  of t h e  

o r b i t  of t h e  i n t e r p l a n e t a r y  s t a t i o n ,  d u r i n g  t h e  p r o c e s s  of i t s  f u r t h e r  

f l i g h t ,  a l s o  r e q u i r e s  t h e  c o n s t a n t  measurement- and d e f i n i t i o n  of 

L L L Y I I L  L i I d L d C k r i s t i c s  of t n e  s t a t i o n .  r1 z - 1 - 1  

The d e s c r i b e d  c i r cums tances  p r e s e n t  c o m p l i c a t e d  r e q u i r e m e n t s  i n  

t h e  o p e r a t i o n  of t h e  a u t o m a t i c  complex. The a u t o m a t i c  complex i s  

d e s i g n e d  f o r  measurements of t r a j e c t o r y  pa rame te r s  of t h e  i n t e r -  

p l a n e t a r y  s t a t i o n ,  p rognos i s  c a l c u l a t i o n  of i t s  movement, c a l c u l a t i o n  

of t a r g e t  d e s i g n a t i o n  of measurement a t  o b s e r v a t i o n  p o i n t s ,  and  
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c a l c u l a t i o n  of t h e  moment when i t s  t r a n s m i s s i o n  i n s t r u m e n t s  a b o a r d  a 

s t a t i o n  shou ld  be  t u r n e d  on i n  t h e  c o u r s e  of  t h e  e n t i r e  f l i g h t  a round 

t h e  E a r t h .  

The i n s t r u m e n t a t i o n  complex c o n s i s t s  of  r a d i o  t e c h n i c a l  s t a t i o n s  

f o r  d i s t a n c e  measurement,  a n g u l a r  p a r a m e t e r s ,  and  r a d i a l  v e l o c i t y  of 

t h e  o b j e c t ' s  movement, a r e c e i v i n g  s t a t i o n  f o r  t e l eme t r i c  i n f o r m a t i o n ,  

and a n  a u t o m a t i c  communication l i n e  between t h e  measurement p o i n t s  a t  

t h e  c o o r d i n a t i n g  computa t ion  c e n t e r .  T h i s  computa t ion  c e n t e r  i s  

connec ted  w i t h  ground s t a t i o n s ,  which i s s u e  t h e  command t o  t u r n  on 

t h e  t r a n s m i t t i n g  d e v i c e s  aboard  t h e  a u t o m a t i c  i n t e r p l a n e t a r y  

s t a t i o n .  

A commanding r a d i o  l i n e  a l lows  t h e  r a d i o  t e c h n i c a l  means of t h e  

i n t e r p l a n e t a r y  s t a t i o n  t o  be t u r n e d  on a t  p rede te rmined  i n t e r v a l s  of  

t ime,  which co r re spond  w i t h  t h e  b e s t  p o s s i b l e  c o n d i t i o n s  of  r a d i o  

communication between t h e  s t a t i o n s  i n s t r u m e n t s  and ground t r a c k i n g  

s t a t i o n s  t h a t  a r e  d i s t r i b u t e d  a l o n g  t h e  t e r r i t o r y  of t h e  S o v i e t  Union. 

The s e l e c t i o n  of d u r a t i o n  and time f o r  t u r n i n g  on t h e  r a d i o  

communication w i t h  t h e  s t a t i o n  i s  made by s e c u r i n g  n e c e s s a r y  i n f o r -  

m a t i o n  f o r  t h e  d e f i n i t i o n  of  f l i g h t  c h a r a c t e r i s t i c s  and p r o g n o s i s  of 

t h e  i n t e r p l a n e t a r y  s t a t i o n , a n d  a l s o  by p r e s e r v i n g  t h e  b a l a n c e  of 

e n e r g y  of t h e  i n s t r u m e n t s  aboard  t h e  s t a t i o n .  

A t  t h e  p r e s e n t  t ime p r e l i m i n a r y  d a t a  p r o c e s s i n g  of t h e  r e s u l t s  

of t r a j e c t o r y  measurements has  shown t h a t  t h e  a u t o m a t i c  i n t e r p l a n e t a r y  

s t a t i o n  w i l l  t r a v e l  a long  i t s  o r b i t  u n t i l  A p r i l  o f  1960,and  w i l l  

comple t e  f rom 11 t o  12  o r b i t s  a round t h e  E a r t h .  

Page 15 



Jet Propulsion laboratory JPLAI/Trans la t ion  No. 15 

PHOTOGRAPHING AND TRANSMISSION OF IMAGES TO EARTH 

During t h e  development p rocess  of t h e  methods f o r  photography 

and  t r a n s m i s s i o n  of images of t h e  h idden  s i d e  of t h e  Moon from t h e  

a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n ,  t h e  problem of a p h o t o - t e l e v i s i o n  

sys tem was s u c c e s s f u l l y  so lved .  T h i s  p h o t o - t e l e v i s i o n  sys t em i s  

n e c e s s a r y  i n  o r d e r  t o  o b t a i n  q u a l i t a t i v e  h a l f - t o n e  images and t o  

t r a n s m i t  t h e s e  images ove r  a d i s t a n c e  which i s  measured i n  hundred 

thousands  km. A number of compl i ca t ed  s c i e n t i f i c  t e c h n i c a l  problems 

was s o l v e d  by t h i s .  

A t  t h e  time of photographing  p i c t u r e s  t h e  o r i e n t a t i o n  system 

h a s  been  p l a c e d  i n  such  a p o s i t i o n  i n  t h e  a u t o m a t i c  s t a t i o n  a s  t o  

p u t  t h e  Lunar  d i s c  i n  f u l l  view of t h e  camera l e n s e s .  

The c o n s t r u c t i o n  of t h e  p h o t o - t e l e v i s i o n  i n s t r u m e n t a t i o n  h a s  

s e c u r e d  i t s  o p e r a t i o n a l  c a p a b i l i t y  under  t h e  c o m p l i c a t e d  c o n d i t i o n s  

of cosmic f l i g h t .  The pho to  m a t e r i a l s  which would be harmed unde r  

t h e  i n f l u e n c e  of cosmic r a d i a t i o n  were p r e s e r v e d ,  and t h e  normal 

o p e r a t i o n  of t h e  p r o c e s s i n g  b lock  of photo  m a t e r i a l s  and o t h e r  b l o c k s  

of t h e  i n s t r u m e n t s ,  unde r  w e i g h t l e s s  c o n d i t i o n s  was a s s u r e d .  

F o r  t h e  purpose of t r a n s m i t t i n g  images e x t r a  long  d i s t a n c e s ,  

w i t h  a very low power r a d i o  t r a n s m i t t e r ,  a t r a n s m i s s i o n  v e l o c i t y  of 

images was a p p l i e d .  T h i s  was t e n s  of  t housands  times s lower  t h a n  t h e  

t r a n s m i s s i o n  speed  of common b r o a d c a s t i n g  t e l e v i s i o n  s t a t i o n s .  

During t h e  f i r s t  photographing  of t h e  o t h e r  s i d e  of t h e  Moon, 

i t  was advantageous  t o  t a k e  p i c t u r e s  of t h e  l a r g e s t  p o s s i b l e  p a r t  of 

i t s  unknown s u r f a c e .  T h i s  n e c e s s i t a t e d  photographing  a f u l l y  

i l l u m i n a t e d  d i s c ,  t h e  c o n t r a s t s  on which a r e  a lways c o n s i d e r a b l y  
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lower  t h d n  a s i d e  i l l u m i n a t i o n , w h i c h  c r e a t e s  shadows caused  by t h e  

t o p o g r a p h i c a l  d e t a i l s .  ( F i g .  4 )  

For  b e t t e r  t r a n s m i s s i o n  of a low c o n t r a s t  p i c t u r e ,  t h e  photo-  

t e l e v i s i o n  cameras were s u p p l i e d  w i t h  a n  a u t o m a t i c  b r i g h t n e s s  

r e g u l a t o r  i n  t h e  d iaphanous  tube .  

F o r  r e l i a b l e  o p e r a t i o n  of t h e  i n s t r u m e n t a t i o n  complex unde r  

v a r i a b l e  c o n d i t i o n s  t h e  p r i n c i p a l  of s e l f  r e g u l a t i n g  schemes was 

a p p l i e d .  The harmony and o p e r a t i o n a l  r e g u l a t i o n  of a l l  s e c t i o n s ,  

i n c l u d i n g  t h e  e l e c t r o n i c  scheme, o p t i c a l ,  mechan ica l ,  and photo-  

chemica l  i n s t a l l a t i o n s ,  was accompl ished  by a s p e c i a l  a u t o m a t i c  and 

programming system. 

The p h o t o - t e l e v i s i o n  a p p a r a t u s ,  which was i n s t a l l e d  on t h e  

i n t e r p l a n e t a r y  s t a t i o n ,  c o n t a i n s  some b a s i c  c o n s t r u c t i o n s ,  i n c l u d i n g  a 

photocamera w i t h  two o b j e c t i v e s  w i t h  a f o c a l  range  of 200 and 500 mm. 

Th i s  made i t  p o s s i b l e  t o  conduct  s imul t aneous  photographing  i n  two 

d i f f e r e n t  s c a l e s .  The o b j e c t i v e  w i t h  a f o c a l  r ange  o f  200 mm 

r ep roduced  a n  image of  t h e  d i s c  which f u l l y  f i t  i n t o  t h e  frame of 

t h e  f i l m .  The c l o s e  up image,which was r ep roduced  by t h e  o b j e c t i v e  

w i t h  a f o c a l  r ange  of 500 mrn,was l a r g e r  t h a n  t h e  l i m i t s  of  t h e  pho to  

frame and gave a more d e t a i l e d  p i c t u r e  of a p a r t  of t h e  Lunar  d i s c .  

The photographing  p rocess  was conducted  w i t h  a n  a u t o m a t i c  change 

o f  e x p o s u r e s  s o  t h a t  n e g a t i v e s  w i t h  most conven ien t  d e n s i t i e s  c o u l d  

be o b t a i n e d .  T h i s  p r o c e s s  con t inued  f o r  abou t  40 minu tes .  During 

t h i s  t ime t h e  o t h e r  s i d e  of t h e  Moon was photographed r e p e a t e d l y .  

Photographing  was commenced by a command s i g n a l  a f t e r  t h e  

o b j e c t i v e s  were d i r e c t e d  a t  t h e  Moon. The f o l l o w i n g  photographing  

p r o c e s s  and f i l m  p r o c e s s i n g  w a s  conducted  a u t o m a t i c a l l y  a c c o r d i n g  t o  
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a des igned  program. Photographs were t a k e n  on a s p e c i a l  35 mm f i l m  

which w i t h s t o o d  p r o c e s s i n g  under h i g h  t e m p e r a t u r e s .  

I n  o r d e r  t o  p r e v e n t  f i l m  fogg ing  unde r  t h e  i n f l u e n c e  of cosmic 

r a d i a t i o n ,  s p e c i a l  s h i e l d i n g  was p rov ided .  T h i s  s h i e l d i n g  was 

s e l e c t e d  on t h e  b a s i s  of i n v e s t i g a t i o n s  conducted  w i t h  t h e  h e l p  of 

S o v i e t  a r t i f i c i a l  s a t e l l i t e s  and cosmic r o c k e t s .  

Af t e r  d e t e r m i n a t i o n  of  t h e  photographing  expe r imen t  t h e  f i l m  

was t r a n s f e r e d  i n t o  a s m a l l  d imens iona l  d e v i c e  f o r  a u t o m a t i c  pro-  

c e s s i n g ,  where i t s  development and f i x a t i o n  was conducted.  

F o r  t h e  p r o c e s s i n g  a s p e c i a l  p rocess ,wh ich  s e c u r e d  a low 

dependence of  n e g a t i v e  parameters  on t e m p e r a t u r e ,  was adap ted .  

P r e v e n t i v e  measures  were t aken  t o  a v o i d  d e s t r u c t i v e  e f f e c t s  i n  t h e  

p r o c e s s i n g  unde r  w e i g h t l e s s  c o n d i t i o n s .  A f t e r  p r o c e s s i n g ,  t h e  f i l m  

was d r i e d  and t h e  m o i s t u r e  abso rbed ,  i n  o r d e r  t o  s e c u r e  a l e n g t h y  

p r e s e r v a t i o n  of t h e  f i l m .  A f t e r  f i n i s h i n g  t h e  p r o c e s s i n g ,  t h e  f i l m  

was t r a n s f e r e d  i n t o  a s p e c i a l  c e l l  and was p r e p a r e d  f o r  t r a n s m i s s i o n  

of  i t s  image t o  E a r t h .  

Expe r imen ta l  s i g n s  were pre-exposed on t h e  f i l m ,  a p a r t  o f  which 

was deve loped  b e f o r e  t h e  r o c k e t  l aunch ing .  Another p a r t  was deve loped  

a b o a r d  t h e  s t a t i o n  d u r i n g  t h e  p r o c e s s i n g  of t h e  exposed f r a m e s ,  w i t h  

t h e  image of  t h e  o t h e r  s i d e  of t h e  Moon. These s i g n s  were t r a n s -  

m i t t e d  t o  E a r t h  and made p o s s i b l e  a check r u n  on t h e  p r o c e s s  of  

pho tograph ing ,  p r o c e s s i n g ,  and t r a n s m i s s i o n  of t h e  images.  

For  t h e  purpose  of c o n v e r t i n g  t h e  images on t h e  f i l m  n e g a t i v e s  

i n t o  e l e c t r i c a l  s i g n a l s ,  a s m a l l  s i z e  d iaphanous  ca thode  r a y  t u b e  

of a h i g h  r e s o l u t i o n  c a p a b i l i t y  and a p h o t o e l e c t r o n i c  m u l t i p l i e r  of 

h i g h  s t a b i l i t y  were u t i l i z e d .  
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T h e  t r a n s m i s s i o n  of t h e  pho tograph ic  images t o  E a r t h  was 

accompl ished  i n  a manner s i m i l a r  t o  which movies a r e  t e l e v i s e d  by 

TV s t a t i o n s .  

I n  o r d e r  t o  d e c l i n e  t h e  r a y  of t h e  c a t h o d e  r a y  t u b e ,  economica l  

low-frequency,  r e c t i f y i n g  d e v i c e s  were a p p l i e d .  A m p l i f i c a t i o n  and 

s i g n a l  f o r m a t i o n  of  t h e  image was accompl ished  by a s p e c i a l l y  d e s i g n e d  

narrow band s t a b i l i z e d  a m p l i f i e r  w i t h  a d e v i c e  f o r  a u t o m a t i c  

compensa t ion  of t h e  change i n  t h e  mean d e n s i t y  of t h e  n e g a t i v e  and 

t h e  o u t p u t  s i g n a l .  A l l  schemes were  accompl ished  b a s i c l y  on semi- 

c o n d u c t o r s .  

A p i c t u r e  t r a n s m i s s i o n  under  two c o n d i t i o n s  was p rov ided :  a 

s low t r a n s m i s s i o n  a t  l a r g e  d i s t a n c e s ,  and a r a p i d  t r a n s m i s s i o n  a t  

c l o s e  d i s t a n c e s  d u r i n g  t h e  s t a t i o n ' s  approach  t o  t h e  E a r t h .  

The t e l e v i s i o n  system h a s  p e r m i t t e d  t h e  number of l i n e s  which 

make u p  the  image depending on t h e  c o n d i t i o n s  of t r a n s m i s s i o n  t o  be  

changed. The maximum number of l i n e s  was u p  t o  1,000 p e r  one frame 

of f i l m .  

F o r  t h e  purpose of s y n c h r o n i z a t i o n  of t h e  t r a n s m i t t i n g  and 

r e c e i v i n g  r e c t i f y i n g  i n s t a l l a t i o n s ,  a method was u t i l i z e d  which 

s e c u r e d  a h i g h  i n t e r f e r e n c e  s t a b i l i t y  and a r e l i a b i l i t y  i n  t h e  

o p e r a t i o n  o f  t h e  a p p a r a t u s .  

Photographs of t n e  Moon were t r a n s m i t t e d  from t h e  duiorrid i i c  

i n t e r p l a n e t a r y  s t a t i o n  a l o n g  a r a d i o  communication l i n e .  A t  t h e  

same time t h i s  was u s e d  f o r  measurements of f l i g h t  pa rame te r s  of t h e  

s t a t i o n  i t s e l f ,  namely: d i s t a n c e ,  v e l o c i t y ,  and a n g u l a r  c o o r d i n a t e s ,  

and  a l s o  f o r  t r a n s m i s s i o n  o f  r e s u l t s  of s c i e n t i f i c  expe r imen t s  w i t h  

t h e  h e l p  of t e l e m e t r i c  i n s t r u m e n t s .  The t u r n i n g  on and o f f  of 
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va r iou r )  i n s t r u m e n t s  aboa rd  t h e  s t a t i o n  and t h e  changes i n  t h e i r  

o p e r a t i o n a l  reg imes ,was  conducted  by s p e c i a l  commands which were 

t r a n s m i t t e d  f rom E a r t h  t o  t h e  s t a t i o n  a long  t h e  same r a d i o  c h a n n e l .  

The t r a n s m i s s i o n  of Lunar images ,and  a l l  o t h e r  f u n c t i o n s  i n  t h e  

l i n e  of r a d i o  communication from t h e  s t a t i o n , w a s  accompl ished  w i t h  

t h e  h e l p  of a c o n t i n u o u s  r a d i o  wave p r o p a g a t i o n ,  c o n t r a r y  t o  t h e  

impulse  r a d i a t i o n  which was used e a r l i e r  i n  some c a s e s .  Such a 

combina t ion  of f u n c t i o n s  o v e r  one r a d i o  channe l  by a c o n t i n u o u s  

r a d i a t i o n  was conducted  f o r  t h e  f i r s t  t ime ,  and  made it p o s s i b l e  t o  

s e c u r e  a r e l i a b l e  r a d i o  communication up  t o  maximum d i s t a n c e s  w i t h  

minimum ene rgy  consumption aboa rd  t h e  s t a t i o n .  

The l i n e  of r a d i o  communication from t h e  s t a t i o n  c o n s i s t e d  of 

two p a r t s  , -a  l i n e  " E a r t h - S t a t i o n "  and  a l i n e  " S t a t i o n - E a r t h " , - a n d  

i n c l u d e d  commanding i n s t a l l a t i o n s ,  powerfu l  r a d i o  t r a n s m i t t e r s ,  

h i g h l y  s e n s i t i v e  r e c e i v i n g  and r e c o r d i n g  d e v i c e s ,  and  an tenna  sys t ems ,  

which were l o c a t e d  a t  ground p o i n t s  of r a d i o  communication. It a l s o  

c o n s i s t e d  of t r a  i s m i t t i n g ,  r e c e i v i n g ,  and an tenna  c o n s t r u c t i o n s  

i n s t a l l e d  aboa rd  t h e  i n t e r p l a n e t a r y  s t a t i o n .  I n  a d d i t i o n ,  aboa rd  

t h e  s t a t i o n  were l o c a t e d  commanding and  programming r a d i o  t e c h n i c a l  

i n s t r u m e n t s .  

The e n t i r e  i n s t r u m e n t a t i o n  of  r a d i o  communication l i n e s  a b o a r d  

t h e  s t a t i o n ,  a s  w e l l  a s  a t  ground t r a c k i n g  s t a t i o n s ,  was d u p l i c a t e d  

i n  o r d e r  t o  i n c r e a s e  t h e  r e l i a b i l i t y  of communication. When one 

r a d i o  t e c h n i c a l  i n s t r u m e n t  aboard  t h e  s t a t i o n  d i d  n o t  f u n c t i o n  

p r o p e r l y ,  o r  i t s  o p e r a t i o n a l  r e s o u r c e s  were e x h a u s t e d ,  i t  c o u l d  be  

r e p l a c e d  by a r e se rve  u n i t  b y  means of  t r a n s m i t t i n g  a n e c e s s a r y  

command from t h e  ground c o n t r o l  c e n t e r .  
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The t r a n s m i s s i o n  of Lunar images was conducted  by  a command from 

E a r t h .  

aboa rd  t h e  s t a t i o n ,  t h e  f e e d  of f i l m ,  and a l s o  t h e  a t t a c h m e n t s  of t h e  

t e l e v i s i o n  cameras t o  t h e  s t a t i o n s  t r a n s m i t t e r s  were t u r n e d  down. As 

a r e s u l t  t h e  o r d e r  of b r i g h t n e s s  change a long  t h e  l i n e s  which make up 

t h e  image was t r a n s m i t t e d  t o  Ear th .  

With t h e s e  commands t h e  power s u p p l y  of t h e  t e l e v i s i o n  cameras 

The o v e r - a l l  e x t e n t  of s c i e n t i f i c  i n f o r m a t i o n  which was t r a n s -  

mi t ted  a l o n g  r a d i o  communication l i n e s ,  i n c l u d i n g  p h o t o g r a p h i c  f rames  

of t h e  Moon, h a s  by f a r  exceeded t h e  e x t e n t  of i n f o r m a t i o n  which was 

t r a n s m i t t e d  from t h e  f i r s t  and second S o v i e t  cosmic r o c k e t s .  

F o r  t h e  purpose  of a r e l i a b l e  t r a n s m i s s i o n  of t h i s  i n f o r m a t i o n  

i n  t h e  p r e s e n c e  of a c o n s i d e r a b l e  n o i s e  l e v e l  of cosmic r a d i o  

p r o p a g a t i o n ,  a n  e s p e c i a l l y  e f f e c t i v e  method of r a d i o  communication 

was a p p l i e d .  

power s u p p l i e s  a b o a r d  t h e  s t a t i o n .  

T h i s  a s s u r e d  a minimum e n e r g y  consumption from t h e  

I n  c o n s i d e r a t i o n  of economy of e l e c t r i c a l  e n e r g y ,  t h e  power of 

t h e  r a d i o  t r a n s m i t t e r s  aboa rd  t h e  s t a t i o n  was e s t a b l i s h e d  t o  b e  of 

s e v e r a l  w a t t .  

u sed  i n  t h e  c o n s t r u c t i o n  of t h e  r e c e i v i n g  and t r a n s m i t t i n g  r a d i o  

s t a t i o n s  aboa rd  t h e  i n t e r p l a n e t a r y  s t a t i o n .  S p e c i a l  c a r e  was t a k e n  

t o  a c h i e v e  minimum dimens ions  and w e i g h t  of t h e  i n s t r u m e n t s .  

Semi-conductors  a n d  o t h e r  contemporary  m a t e r i a l s  were 

I f  we t a k e  i n t o  accoun t  t h e  p e r c e n t a g e  of magni tude which i s  

p r o p a g a t e d  by t h e  r a d i o  t r a n s m i t t e r  f rom a b o a r d  t h e  s t a t i o n  which 

r e a c h e s  t h e  ground r e c e i v i n g  s t a t i o n s ,  i t  i s  p o s s i b l e  t o  u n d e r s t a n d  

t h e  d i f f i c u l t i e s  which were encoun te red  i n  s e c u r i n g  a r e l i a b l e  r a d i o  

communication w i t h  t h e  i n t e r p l a n e t a r y  a u t o m a t i c  s t a t i o n .  
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To s e c u r e  a c o n t i n u o u s  communication w i t h  t h e  s t a t i o n  d u r i n g  i t s  

r o t a t i o n ,  t h e  s t a t i o n ' s  an tennas  p ropaga te  r a d i o  s i g n a l s  u n i f o r m l y  i n  

a l l  d i r e c t i o n s  t o  e n a b l e  t h e  p ropaga t ion  magni tude  which f a l l s  on a 

u n i t  of s u r f a c e  t o  be  e q u a l  f o r  a l l  p o i n t s  of t h e  imag ina ry  s p h e r e ,  

t h e  c e n t e r  of  which i s  t h e  i n t e r p l a n e t a r y  s t a t i o n .  

The ground r e c e i v i n g  an tenna  p i c k s  up  a p a r t  of t h e  p r o p a g a t i o n  

magn i tude ,  which i s  d e t e r m i n e d  by t h e  c o r r e l a t i o n  of t h e  e f f e c t i v e  

a r e a  of t h e  r e c e i v i n g  an tenna  t o  t h e  s u r f a c e  of t h e  sphe re  w i t h  a 

r a d i u s  which e q u a l s  t h e  d i s t a n c e  from t h e  s t a t i o n  t o  t h e  r e c e i v i n g  

p o i n t s .  T h e r e f o r e  huge r e c e i v i n g  a n t e n n a s  a r e  used  f o r  t h e  r e c e p t i o n  

of s i g n a l s  f rom t h e  s t a t i o n .  

However, even  i n  t h i s  c a s e ,  w i t h  a maximum d e p a r t u r e  of t h e  

s t a t i o n  from t h e  E a r t h s t h e  r e c e i v e d  p a r t s  of p r o p a g a t i o n  magni tudes  

from t h e  t r a n s m i t t e r  aboa rd  t h e  s t a t i o n  i s  a hundred  m i l l i o n s  times 

l e s s  t h a n  t h e  mean magni tude  which i s  r e c e i v e d  by a common t e l e v i s i o n  

r e c e i v e r .  F o r  t h e  r e c e p t i o n  of such weak s i g n a l s  i t  i s  n e c e s s a r y  t o  

have v e r y  s e n s i t i v e  r e c e i v i n g  i n s t a l l a t i o n s  w i t h  a low l e v e l  of o u t p u t  

n o i s e s .  

The n o i s e s  on t h e  o u t p u t  of t h e  ground r e c e i v e r  c o n s i s t  of cosmic 

r a d i o  p r o p a g a t i o n  n o i s e s ,  which a r e  r e c e i v e d  by t h e  a n t e n n a ,  and  

n a t u r a l  n o i s e s  of t h e  r e c e i v e r ,  which were r educed  t o  a minimum 

t h r o u g h  t h e  a d a p t i o n  of s p e c i a l  measu res .  The d e c r e a s e  of t h e  n o i s e  

l e v e l ,  a s  a r u l e ,  i s  connec ted  w i t h  a d e c r e a s e  of t h e  t r a n s m i s s i o n  

speed  o f  i n f o r m a t i o n .  

I n  c o n j u n c t i o n  w i t h  t h e  above d e s c r i b e d ,  i n  l i n e  of r a d i o  

communicat ion,  methods of p rocess ing  and t r a n s m i s s i o n  of s i g n a l s  
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a b o a r d  t h e  s t a t i o n  and a t  t h e  ground r e c e i v i n g  p o i n t s  were a p p l i e d ,  

which r educed  t h e  n o i s e  l e v e l  a t  a maximum d e g r e e  and p r e s e r v e d  t h e  

same t r a n s m i s s i o n  speed.  

An economical  u t i l i z a t i o n  of t h e  power s u p p l i e s  aboard  t h e  

s t a t i o n ,  t h e  p re sence  of a r a d i o  communication l i n e  w i t h  a c o n t i n u o u s  

p r o p a g a t i o n  and combined f u n c t i o n s ,  t h e  a p p l i c a t i o n  of s p e c i a l l y  

d e s i g n e d  a n t e n n a s  and h i g h l y  s e n s i t i v e  r e c e i v e r s  on E a r t h ,  u t i l i z a -  

t i o n  of  s p e c i a l  methods of p r o c e s s i n g  and t r a n s m i s s i o n  of  s i g n a l s ,  - 
a l l  of t h e s e  combined - h a s  p e r m i t t e d  a r e l i a b l e  r a d i o  communication 

w i t h  t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n ,  a r e l i a b l e  o p e r a t i o n  of 

t h e  commanding r a d i o  l i n e s ,  and a p lanned  r e c e p t i o n  of Lunar images 

and t e l e m e t r i c  s c i e n t i f i c  i n f o r m a t i o n .  

S i g n a l s  of t e l e v i s i o n  images,  which were r e c e i v e d  by ground 

r e c e i v i n g  s t a t i o n s ,  were r eco rded  by v a r i o u s  i n s t r u m e n t s ;  t h i s  made 

it p o s s i b l e  t o  c o n t r o l  t h e  cour se  of t r a n s m i s s i o n  and t o  e l i m i n a t e  s p e  

s p e c i f i c  d i s t o r t i o n s  which were caused  by p e c u l i a r i t i e s  of t h e  r a d i o  

communication l i n e s  and t h e  r e c o r d i n g  i n s t r u m e n t s .  

The f u n c t i o n s  of t h e  s i g n a l s  of t h e  Lunar images was conducted  

on s p e c i a l  r e c o r d i n g  d e v i c e s  f o r  t e l e v i s i o n  images on a pho tograph ic  

f i l m ,  on i n s t r u m e n t s  f o r  magnet ic  r e c o r d i n g s  w i t h  a h i g h  s t a b i l i t y  

i n  t h e  speed  of movement of t he  magnet ic  t a p e ,  and s k i a t r o n s  ( c u t o f f -  

r a y  t u b e s  w i t h  a l e n a t h y  prpqprvatian nf imscjes OR t h c  s c r e e z ) ,  and 

on r e c o r d i n g  i n s t r u m e n t s  w i t h  a r e g i s t r a t i o n  o f  images on e l e c t r o -  

chemica l  paper .  The m a t e r i a l s  which were o b t a i n e d  from a l l  forms of 

r e c o r d i n g  a r e  u t i l i z e d  d u r i n g  t h e  s t u d y  of t h e  h idden  s i d e  of t h e  

Moon. 

Page 23 



i 
I 
I 
1 
I 

Jet Propulsion laboratory J P L A I f l r a n s l a t i o n  No. 15 

With t h e  h e l p  of t h e  t e l e v i s i o n  sys tem which was i n s t a l l e d  

a b o a r d  t h e  i n t e r p l a n e t a r y  a u t o m a t i c  s t a t i o n ,  t h e  t r a n s m i s s i o n  of 

images was accompl ished  a t  a d i s t a n c e  u p  t o  470,000 km. T h i s  h3s 

i n i t i a l l y  and e x p e r i m e n t a l l y  conf i rmed t h e  p o s s i b i l i t y  of t r a n s -  

m i t t i n g  v e r y  c l e a r  h a l f  t o n e  images w i t h o u t  s u b s t a n t i a l  s p e c i f i c  

d i s t o r t i o n s  d u r i n g  t h e  p r o c e s s  of r a d i o  wave p r o p a g a t i o n  th rough  

cosmic space  f o r  v e r y  g r e a t  d i s t a n c e s .  

Page 24 



Jet Propulsion Laboratory J P L A I D r a n s l a t i o n  No. 15 

1- 
1 
i 

II 
M 
I 
1 
I 
I 
I 

I 
I 
I 
I 

THE HIIDDEN SIDE OF THE MOON 

The r o t a t i o n  p e r i o d  of t h e  Moon around i t s  a x i s  c o i n c i d e s  w i t h  

t h e  p e r i o d  o f  i t s  r o t a t i o n  around t h e  E a r t h .  T h e r e f o r e  t h e  Moonalways 

f a c e s  t h e  E a r t h  w i t h  t h e  same s i d e .  M i l l i o n s  of y e a r s  ago  t h e  Moon 

r o t a t e d  a round i t s  a x i s  much f a s t e r  t h a n  i t  now d o e s ,  and comple ted  

one r e v o l u t i o n  i n  a p e r i o d  of s e v e r a l  h o u r s .  

The f o r c e s  of  t i d a l  f r i c t i o n  which were caused  by  t h e  g r a v i t a t i o n  

of  t h e  Sun and t h e  E a r t h  have siowed down t h e  Moon, e x t e n d i n g  t h e  

p e r i o d  o f  i t s  r e v o l u t i o n  around i t s  a x i s , a n d  have caused  t h i s  

r e v o l u t i o n  t o  l a s t  o v e r  a p e r i o d  of 27.32 d a y s .  

Al though t h e  t e l e s c o p i c  s t u d y  of  t h e  Moon h a s  L)r_.tJn c a r r i e d  on f o r  

more t h a n  t h r e e  and a h a l f  c e n t u r i e s ,  up  t o  now c h a r t s  c o u l d  be made 

of o n l y  t h e  v i s i b l e  p a r t  of  t h e  Moon. On t h e s e  c h a r t s  a r e  d e f i n e d  

t h e  c i r c u l a r  moun ta ins ,  mountain c h a i n s ,  d a r k  r e g i o n s  of  t h e  Lunar  

c r u s t  (which were t h e  named " s e a s " ) ,  and o t h e r  f o r m a t i o n s .  

Roughly,  59% of  t h e  Lunar  s p h e r e  i s  v i s i b l e  f rom E a r t h .  

p a r t  o f  t h e  Moon many f o r m a t i o n s  a r e  l o c a t e d  on t h e  very  edge  o f  t h e  

v i s i b l e  Lunar  d i s c  and ,  t h e r e f o r e ,  t h e y  c o u l d  n o t  be s t u d i e d  i n  d e t a i l ,  

due  t o  s t r o n g  p e r s p e c t i v e  d i s t o r t i o n s .  The f a c t  t h a t  f rom E a r t h  i t  

i s  p o s s i b l e  t o  s t u d y  a l i t t l e  more t h a n  h a l f  of  t h e  Lunar  d i s c ,  i s  

e x p l a i n e d  by  t h e  p r e s e n c e  of so c a l l e d  Lunar l i b r a t i o n s ,  i . e . ,  t h e  

On t h i s  

t i l t i n g  o f  t h e  Moon a s  seen  by an o b s e r v e r  f rom E a r t h .  

t h e  Moon from a b o a r d  t h e  i n t e r p l a n e t a r y  cosmic s t a t i o n  was conducted  

a t  t h e  moment when t h e  s t a t i o n  was l o c a t e d  on a l i n e  which connec ted  

t h e  Sun and t h e  Moon, t h a t  i s ,  when i n  r e s p e c t  t o  t h e  s t a t i o n  t h e  Moon 

r e p r e s e n t e d  a f a i r l y  i l l u m i n a t e d  d i s c .  On t h e  Lunar  photograph  t h e  

Pho tograph ing  
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boundary  of t h e  v i s i b l e  and i n v i s i b l e  f rom E a r t h ,  p a r t  of  t h e  Moon i s  

d e f i n e d  by a broken  l i n e .  

The photograph  p r e s e n t s  a p a r t  of t h e  Lunar s u r f a c e  which i s  

i n v i s i b l e  f rom E a r t h  and a l s o  a s m a l l  r e g i o n  o f  a l r e a d y  known forma- 

t i o n s .  

p o s s i b l e  t o  connec t  o b j e c t s  of t h e  Lunar  s u r f a c e ,  which were n e v e r  

obse rved ,  t o  a l r e a d y  known f o r m a t i o n s  and t o  d e t e r m i n e  t h u s  t h e i r  

s e l e n o g r a p h i c  c o o r d i n a t e s .  

The p r e s e n c e  of  t h i s  r e g i o n  on t h e  pho tographs  made i t  

Among t h e  o b j e c t s  which were photographed  from aboard  t h e  i n t e r -  

p l a n e t a r y  s t a t i o n  and which a r e  v i s i b l e  f rom E a r t h  a r e  t h e ,  f o l l o w i n g :  

Humboldt's Sea,  t h e  Sea of  C r i s e s ,  Border  Sea ,  Smyth's Sea ,  a p a r t  o f  

t h e  Sou the rn  Sea ,  and o t h e r  f o r m a t i o n s .  ( F i g .  5 and 6 )  

These seas ,wh ich  a r e  l o c a t e d  n e a r  t h e  v e r y  edge of t h e  Lunar  d i s c  

and a r e  v i s i b l e  f rom t h e  Ea r th , seem t o  u s  t o  be  v e r y  nar row and long  

due  t o  p e r s p e c t i v e  d i s t o r t i o n s ,  and t h e i r  a c t u a l  form was n o t  

de t e rmined  u n t i l  t h e  p r e s e n t  time. On t h e  pho tographs  which were 

t a k e n  from aboard  t h e  i n t e r p l a n e t a r y  s t a t i o n ,  t h e s e  s e a s  e x t e n d  f a r  

f rom t h e  v i s i b l e  r i m  of  t h e  Lunar d i s c  and t h e i r  form i s  very l i t t l e  

d i s t o r t e d  th rough  p e r s p e c t i v i t y .  Thus,  w e  l e a r n e d  f o r  t h e  f i r s t  time 

the  o r i g i n a l  form of  a number of Lunar f o r m a t i o n s .  

It i s  n o t i c e a b l e  t h a t  on t h e  a v a i l a b l e  photographs  of  t h e  h idden  

s i d e  of t h e  Moon, mountain r e g i o n s  p r e v a i l  when t h e r e  a r e  o n l y  few 

s e a s  s i m i l a r  t o  t h e  ones  on t h e  v i s i b l e  p a r t  of  t h e  Lunar d i s c .  

C r a t e r  s e a s  which a r e  l o c a t e d  i n  t h e  s o u t h e r n  and n e a r  e q u a t o r i a l  

r e g i o n s  s t a n d  o u t  s h a r p l y .  

From t h e  s e a s  which a r e  l o c a t e d  n e a r  t h e  boundary of t h e  v i s i b l e  

Lunar  p a r t ,  i n  s t r o n g  f o r e s h o r t e n i n g ,  Humbyldt's Sea ,  t h e  Marg ina l  Sea ,  
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S n y t h ' s  Sea ,  and t h e  Sou the rn  Sea can  be d i s t i n g u i s h e d  on t h e  photo-  

g raph  a lmost  w i t h o u t  d i s t o r t i o n s .  It  was found t h a t  t h e  l a r g e s t  p a r t  

of t h e  Southern  Sea i s  l o c a t e d  on t h e  o t h e r  s i d e  o f  t h e  Moon, and i t s  

b o u n d a r i e s  have an i r r e g u l a r l y  cu rved  form. 

Smyth's Sea ,  i n  comparison w i t h  t h e  Sou the rn  S e a ,  h a s  a more 

rounded form and i s  p e n e t r a t e d  from t h e  s o u t h  by  a mountainous r e g i o n .  

The Marg ina l  Sea i s  somewhat ex tended  i n  t h e  n o r t h e r n  d i r e c t i o n , a n d  

on t h e  o p p o s i t e  s i d e  from t h e  Sea of  C r i s e s ,  i t  h a s  a d e p r e s s i o n .  

Humboldt's Sea i s  of a unique p e a r - l i k e  form. The e n t i r e  r e g i o n  

which i s  a d j a c e n t  t o  t h e  e a s t e r n  boundary of  t h e  o t h e r  s i d e  of  t h e  

Moon, ( i . e . ,  t o  t h e  Marg ina l  S e a ) ,  h a s  an i n t e r s t i t i a l  r e f l e c t i n g  

power between t h e  mountainous a r e a s  and t h e  Seas .  With i t s  r e f l e c t i n g  

power i t  i s  s i m i l a r  t o  t h e  r e g i o n  of  t h e  Moon which i s  l o c a t e d  between 

t h e  c r a t e r s  Tycho, P e t a v i u s ,  and t h e  Sea of  Nec ta r .  

To t h e  s o u t h ,  s o u t h e a s t  o f  t h e  Humboldt Sea ,  on t h e  b o r d e r  o f  t h e  

above i n d i c a t e d  r e g i o n ,  i s  l o c a t e d  a mountain c h a i n  which e x t e n d s  f o r  

more t h a n  2,000 k m ,  c r o s s i n g  t h e  e q u a t o r  and e x t e n d i n g  i n t o  t h e  

s o u t h e r n  hemisphere.  Beyond t h e  mountain r a n g e  i s  l o c a t e d  a b road  

c o n t i n e n t  w i t h  an i n c r e a s e d  r e f l e c t i n g  power. 

I n  t h e  r e g i o n  which i s  l o c a t e d  between 20 deg  and 30 deg of 

n o r t h e r n  l a t i t u d e , a n d  140 deg' and 160 deg of e a s t e r n  l o n g i t u d e ,  a 

c r a t e r  s ea  w i t h  a d i a m e t e r  of about  300 km can be seen .  I n  t h e  s o u t h  

t h i s  s e a  t e r m i n a t e s  w i t h  a bay. I n  t h e  s o u t h e r n  hemisphere ,  i n  t h e  

r e g i o n  w i t h  t h e  f o l l o w i n g  c o o r d i n a t e s ,  l a t i t u d e  30 deg and l o n g i t u d e  

+130 deg ,  a l a r g e  c r a t e r  i s  l o c a t e d  w i t h  a d i a m e t e r  of more t h a n  100 

km and a d a r k  bot tom w i t h  a b r i g h t  c e n t r a l  mounta in ,  which i s  

su r rounded  by a l i g h t  c o l o r e d  broad w a l l .  
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To t h e  e a s t  of t h e  above rnentioned r a n g e ,  i n  t h e  r e g i o n  of +30 deg 

n o r t h e r n  l a t i t u d e ,  i s  l o c a t e d  a g roup  of f o u r  c r a t e r s  of medium s i z e ,  

t h e  l a r g e s t  of which h a s  a d i ame te r  of about  70 km. To t h e  s o u t h e a s t  

of  t h i s  c r a t e r  group,  i n  t h e  r e g i o n  w i t h  t h e  c o o r d i n a t e s  of +10 deg 

l a t i t u d e  and +110 deg l o n g i t u d e ,  can be s e e n  a s e p a r a t e  c r a t e r  of a 

c i r c u l a r  form.  I n  t h e  sou the rn  hemisphe re ,nea r  t h e  e a s t e r n  r i m , a r e  

l o c a t e d  two r e g i o n s  which s h a r p l y  d e c r e a s e d  r e f l e c t i n g  powers. 

I n  a d d i t i o n , t h e  photographs  c o n t a i n  s e p a r a t e  r e g i o n s  w i t h  

s l i g h t l y  i n c r e a s e d  and dec reased  r e f l e c t i n g  powers and numerous s m a l l  

d e t a i l s .  The n a t u r e  of t h e s e  d e t a i l s ,  t h e i r  form,and  d i m e n s i o n s , w i l l  

p o s s i b l y  be e s t a b l i s h e d  a f t e r  a thorough s t u d y  of  a l l  photographs .  

The s u c c e s s  i n  accompl ish ing  t e l e v i s i o n  t r a n s m i s s i o n s  of images 

of t h e  i n v i s i b l e  p a r t  of t h e  Lunar s u r f a c e  from aboard  an i n t e r p l a n e t a r y  

s t a t i o n  f o r  t h e  f i r s t  time opens broad  p e r s p e c t i v e s  f o r  t h e  s t u d y  of 

p l a n e t s  of o u r  S o l a r  system. 

The f l i g h t  of t h e  t h i r d  cosmic r o c k e t  h a s  t u r n e d  a new page i n  

t h e  h i s t o r y  of s c i e n c e .  

P e n e t r a t i n g  i n t o  cosmic space ,  a S o v i e t  cosmic r o c k e t  w i l l  now 

c o n t i n u e  t o  send t o  E a r t h  no t  o n l y  i n f o r m a t i o n  abou t  t h e  p h y s i c a l  

c h a r a c t e r i s t i c s  of  i n t e r p l a n e t a r y  environment  and heaven ly  b o d i e s ,  

b u t  a l s o  photographs  of  heavc?nly b o d i e s  i n  t h e  v i c i n i t y  of which t h e s e  

r o c k e t s  w i l l  t r a v e l .  

F o r  t h e  f i r s t  t i m e  i n  h i s t o r y  a t e l e v i s i o n  t r a n s m i s s i o n  of images 

from a d i s t a n c e  measured i n  hundred thousands  k m  was accomplished.  

Broad p e r s p e c t i v e s  a r e  open f o r  as t ronomy which i s  now a b l e  t o  b r i n g  

i t s  i n s t r u m e n t s  c l o s e r  t o  heavenly  bod ies .  
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The f i r s t  S o v i e t  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  h a s  g i v e n  a 

f e e l i n g  of p r i d e  t o  a l l  S o v i e t  p e o p l e ;  p r i d e  for i t s  g r e a t  S o c i a l i s t  

c o u n t r y ,  and f o r  t h e  advanced S o v i e t  s c i e n c e  and t e c h n i q u e .  It h a s  

been  h a i l e d  by a l l  p r o g r e s s i v e  p e o p l e .  
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F i g .  1. I n t e r p l a n e t a r y  S t a t i o n  on  Assembly C a r t  
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F i g .  5. Hidden Side  of  t h e  Moon Photographed  

1. Moscov~ Sea ( L a r g e  C r a t e r  Sea,  d i a .  300 k m ) ;  2. Bay of A s t r o n a u t s ;  
3. C o n t i n u a t i o n  of  Sou the rn  Sea; 4. T s i o l k o v s k y  C r a t e r ;  5. Lomonosov 
C r a t e r ;  6. J o l i o t - C u r i e  C r a t e r ;  7. S o v i e t s k i  Mountain Range;  8. Sea of  
Dremas (Myechta) .  

from t h e  T h i r d  S o v i e t  Cosmic Rocket  

I Humboldt 's  S e a ;  I1 Sea of  C r i s e s ;  I11 M a r g i n a l  Sea ;  
I V  Sea of Waves; V Smyth's Sea;  V I  Sea of F e r t i l i t y ;  V I 1  Sou the rn  
Sea.  
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F i g .  6. C l o s e - u p  of  Hidden S i d e  of t h e  Moon 
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